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(54) METHOD AND APPARATUS FOR ASSEMBLING SUBSTRATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To bond substrates which are 
approximately the same to each other with high accuracy in a 
vacuum even if the substrate size increases and the thickness 
thereof is reduced 

SOLUTION: Electrostatic attraction force is acted on an upper 
substrate 1b from a pressurizing plate 27 and the upper substrate 
1b is held on the pressurizing plate 27 and is bonded thereto in the 
vacuum. Further, the upper substrate 1b is held on the pressurizing 
plate 27 by suction attraction force and the electrostatic attraction 
force is acted on the upper substrate lb accepted in the position of 
the extent slight apart from the pressurizing plate 27 dropped when 
the suction attraction force disappears in the process of 
progressing the pressure reduction, by which the upper substrate 1b 
is again held on the pressurizing plate 27 and the bonding in the 
vacuum is executed 
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Partial translation of Japanese Laid-open patent 
publication No. 2000-284295 

Publication date: October 13, 2000 
Filing date: March 30, 1999 

Applicant: HITACHI TECHNO ENGINEERING CO., LTD. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a substrate 
assembling method which holds and* sets substrates to be 
bonded together in a vacuum chamber to face each other and 
narrows the gap therebetween and bond them together in 
vacuum, and an apparatus therefor. 
[0002] 
[Prior Art] 

Fabrication of a liquid crystal display panel involves 
a step of bonding two glass substrates with transparent 
electrodes and a thin film transistor array together with 
an extremely narrow gap of about several micrometers by an 
adhesive (hereinafter called a sealing material) and 
sealing a liquid crystal in the resultant space formed (the 
substrates after bonding will be hereinafter called a cell) . 
[0003] 

For the sealing of a liquid crystal, there are a 
method as proposed in Japanese Unexamined Patent 
Publication No. Sho 62-165622 by which a liquid crystal is 
dropped on one substrate which has a sealing material drawn 
in a closed pattern in such a way as not to provide an 
inlet port, on the substrate the other substrate is placed 
and the upper and lower substrates are set closer to each 
other and bonded together in vacuum, and a method as 
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proposed in Japanese Unexamined Patent Publication No. Hei 
10-26763 by which a pattern of a sealing material on one 
substrate is drawn in such a way that an inlet port is 
provided, the substrates are bonded together in vacuum, and 
then injection is made through the inlet port of the 
sealing material. 
[0004] 

[Problems to be Solved by the Invention] 

Each of the above-described prior arts bonds both 
substrates together in vacuum, regardless of before or 
after drawing a pattern of a sealing material. In vacuum, 
unlike in the atmospheric condition, substrates cannot be 
sucked and chucked by a pressure differential with the 
atmosphere . 
[0005] 

When the end portion of a substrate positioned on the 
upper side (hereinafter called an upper substrate) is held 
mechanically, the center portion of the substrate deflects 
and the deflection becomes greater as the recent trend 
toward making substrates larger and thinner is growing. 
[0006] 

Positioning is carried out by using alignment marks 
provided at the peripheral portions of upper and lower 
substrates, so that as the deflection increases, the gap 
between the end portions of both substrates becomes wider, 
disabling alignment . 
[0007] 

Further, as the deflection of the upper substrate 
causes the center portion of the upper substrate to contact 
a substrate on the lower side {hereinafter called a lower 
substrate) before the peripheral portion, spacers scattered 
between the substrates to keep the substrate gap constant 
move, damaging alignment films or the like formed on the 
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substrates . 
(0008] 

As the upper and lower substrates to be bonded 
together are actually of the same size, holding margins can 
hardly be provided. 
[0009] 

Accordingly, it is an object of the present invention 
to provide a substrate assembling method which can bond 
substrates of about the same size together in vacuum at a 
high precision even when the substrate size becomes larger 
and thinner, and an apparatus therefor. 
[0010] 

[Means for Solving the Problems] 

The feature of the invention which achieves the object 
lies in that electrostatic chucking force is applied to an 
upper substrate from a pressure plate to allow the pressure 
plate to hold the upper substrate and bonding is carried 
out in vacuum. 
[0011] 

Further, the upper substrate is held on the pressure 
plate in the atmosphere by suction chucking force, the 
upper substrate which falls when the suction chucking force 
disappears during the process of depressurization is 
received in a position slightly apart from the pressure 
plate, electrostatic chucking force is applied to the upper 
substrate from the pressure plate to allow the pressure 
plate to hold the upper substrate again, and bonding is 
carried out in vacuum. 
[0012] 

[Mode for Carrying Out the Invention] 

One embodiment of the invention will be described 
below with reference to the drawings. 
[0013] 
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In Figs. 1 to 3, a substrate assembling apparatus 
according to the invention comprises a liquid crystal 
dropping portion SI and a substrate bonding portion S2 both 
of which are placed adjacent to each other on a support 2. 
Located above the support 2 is a frame 3 for supporting the 
substrate bonding portion S2 . An XY9 stage Tl is provided 
on the top surface of the support 2. An X stage 4a is 
allowed by a drive motor 5 to move in the X-axial direction 
or right and left on the sheet of the drawing, i.e., 
between the liquid crystal dropping portion SI and 
substrate bonding portion S2 . AY stage 4b is positioned 
above the X stage 4a and is allowed by a drive motor 6 to 
move in the Y-axial direction perpendicular to the X-axial 
direction. A 0 stage 4c is positioned above the Y stage 4b 
and is allowed by a drive motor 8 to be rotatable 
horizontally with respect to the Y stage 4b via a rotary 
bearing 7, and a table 9 on which a substrate is to be 
mounted is fixed onto the 0 stage 4c. A lower chamber 10 
is secured to the Y stage 4b by a plate 13. The 0 stage 4c 
is attached to the lower chamber 10 via a rotary bearing 11 
and a vacuum seal 12 in such a way as to be freely 
rotatable about an axis A, so that even when the 0 stage 4c 
rotates, the lower chamber 10 does not rotate along. 
[0014] 

The liquid crystal dropping portion SI comprises a 
dispenser 17, which is for dropping a desired amount of a 
liquid crystal material onto a lower substrate la held onto 
the table 9 and is supported by a bracket 14 protruding 
from the frame 3, and an Z-axis stage 15 for moving the 
dispenser up and down, and a motor 16 for driving the Z- 
axis stage. The XY0 stage Tl which has the lower substrate 
la held and mounted on the table 9 moves in the X and Y 
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directions with respect to a nozzle 18 of the dispenser 17 
which drops the liquid crystal material. Accordingly, the 
desired amount of the liquid crystal material is dropped 
onto the lower substrate la at an arbitrary location. 
[0015] 

The XY0 stage Tl which has. mounted and held the lower 
substrate la after dropping of the liquid crystal material 
moves under the substrate bonding portion S2 by the drive 
motor 5, 
[0016] 

In the substrate bonding portion S2, an upper chamber 
21 and an electrostatic chuck plate 28 inside it are 
constructed in such a way as to independently move up and 
down. That is, the upper chamber 21 has a housing 30 
incorporating a linear bush and a vacuum seal and moves up 
and down in the Z direction with shafts 29 as a guide by a 
cylinder 22 fixed to the frame 2. 
[0017] 

When the upper chamber 21 moves downward with the XY0 
stage Tl having moved to the substrate bonding portion S2, 
the flange of the upper chamber 21 contacts an 0 ring 44, 
arranged around the lower chamber 10, to become integral 
and in a state where, at this time, they serve as a vacuum 
chamber, 
[0018] 

The crushing amount of the O ring 44 is set to such a 
level as to be able to adjust the descending stop position 
of the upper chamber 21, keep vacuum in the vacuum chamber 
and acquire the maximum elasticity. 
[0019] 

Because the housing 30 incorporates the vacuum seal 
which can move up and down without causing vacuum leakage 
with respect to the shafts 29 even if the upper chamber 21 
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is deformed by the formation of the lower chamber 10 and 
the vacuum chamber, the force that the deformation of the 
vacuum chamber applies to the shafts 29 can be absorbed. 
This makes it possible to approximately prevent the 
deformation of a pressure plate 27 which is secured to the 
shafts 29 and has held the electrostatic chuck plate 28 so 
that bonding becomes possible while the parallelism of an 
upper substrate lb held on the electrostatic chuck plate 28 
and the lower substrate la held on the table 9 is kept as 
will be discussed later. 
[0020] 

23 is a vacuum valve, and 24 is a piping hose which is 
connected to an unillustrated vacuum source and they are 
used at the time of depressurizing the vacuum chamber to 
vacuum. .25 is a gas purge valve, 26 is a gas tube which is 
connected to a pressure source, such as N2 or clean dry air, 
and they are used at the time of setting the vacuum chamber 
back to the atmospheric pressure. 
[0021] 

While the upper substrate lb is held tightly to the 
bottom surface of the electrostatic chuck plate 28, it is 
held to the electrostatic chuck plate 28 by suction and 
chucking under the atmosphere. That is, 41 is a suction 
and chucking joint, 42 is a suction tube which is connected 
to the unillustrated vacuum source and a plurality of 
suction holes which are connected to them are provided in 
the surface of the electrostatic chuck plate 28. 
[0022] 

In case where the atmosphere is around, electrostatic 
chuck may be used together, and in a case where the 
electrostatic chucking force is large, suction and chucking 
may not be necessary. 
[0023] 
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j The electrostatic chuck plate 28 is attached to the 
pressure plate 27 supported by the shafts 29 which are 
secured to housings 31 and 32. The housing 31 is attached 
to the frame 2 by a linear guide 34 and the electrostatic 
chuck plate 28 is so structured as to be movable up and 
down. The upward and downward driving is executed by a 
motor 40 fixed to a bracket 38 on a frame 35 which is 
connected to the frame 2. The transmission of driving is 
executed by a ball screw 36 and a nut housing 37. The nut 
housing 37 is connected to the housing 32 via a load cell 
33 and operates together with the electrostatic chuck plate 
28 located thereunder. 
[0024] 

Therefore, the structure is such that as the shafts 29 
are moved downward by the motor 40 and the electrostatic 
chuck plate 28 holding the upper substrate lb is moved 
downward so that the upper substrate lb closely contacts 
the lower substrate la on the table 9, thus ensuring 
application of pressure. In this case, the load cell 33 
works as a pressure sensor and the desired pressure can be 
applied to the upper and lower substrates la, lb 
successively by controlling the motor 40 based on a fed- 
back signal. 
[0025] 

As the lower substrate la is mounted in the direction 
of gravity, it is sufficient to make fixation by 
positioning by pressing it against a positioning member 81, 
provided on the table as shown in Fig. 2, in the horizontal 
direction by a pressing roller 82. However, there are 
possibilities that the lower substrate la is shifted or 
lifted up by the influence of the contact of the upper- 
substrate lb with the sealing material or liquid crystal 
material on the lower substrate la at the time of fine 



- 7 - 



positioning immediately before bonding, and that the air 
entered between the lower substrate la and the table 9 
escapes in the process of depressur izing the vacuum chamber 
to vacuum, causing the lower substrate la to slip. 
Therefore, the table 9 may be provided with a function of 
electrostatic chucking. If the table 9 is provided with a 
pin which can move up and down in the Z-axial direction and 
is grounded, it is possible to easily prevent charging of a 
cell after substrate bonding and remove the cell from the 
table 9. 
[0026] 

60 shown in Fig. 2 denotes reception claws which 
receive the upper substrate lb in a position slightly below 
the electrostatic chuck plate 28 upon falling of the upper 
substrate, sucked and chucked by the electrostatic chuck 
plate 28, when the vacuum chamber is depressurized and the 
suction chucking force disappears, and which are supported 
in such a manner as to be suspended by shafts 59 extending 
downward at two diagonal positions of the upper substrate 
lb. Specifically, as shown in Fig. 3, the shafts 59 are 
vacuum-sealed via a housing 58 of the upper chamber 21 and 
is rotatable and moved up and down. That is, the shafts 59 
not only can be moved further up and down, independently of 
the up and down movement of the shafts 29, by an elevation 
actuator 62 fixed to brackets 63 provided on the shafts 29 
but also can be rotated by a rotational actuator 61. 
[0027] 

Next, the electrostatic chuck plate 28 which chucks a 
substrate will be discussed. 
[0028] 

The electrostatic chuck plate 28 is a plate of an 
insulator and has two square recess portions, a flat 
electrode incorporated in each recess portion is covered 
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with a dielectric substance whose major surface is the same 
level with the bottom surface of the electrostatic chuck 
plate 28. The buried flat electrodes are each connected to 
positive and negative DC current sources via adequate 
switches. 
[0029] 

When a positive or negative voltage is applied to each 
flat electrode, therefore, a positive or negative voltage 
is induced on the major surface of the dielectric substance 
which is the same level with the bottom surface of the 
electrostatic chuck plate 28 and the upper substrate lb is 
electrostatically chucked by the Column's force generated 
between it and the transparent electrode film of the upper 
substrate lb by their charges. The voltages to be applied 
to each of the flat electrodes may have the same polarity 
or dipoles different from each other. 
[0030] 

A description will now be given of a step of bonding 
substrates by this substrate assembling apparatus. 
[0031] 

First, a jig holding the upper substrate lb is mounted 
on the table 9, and the XY0 stage Tl is moved to the 
substrate bonding portion S2 by the drive motor 5. There, 
the pressure plate 27 and the electrostatic chuck plate 28 
are moved downward via the shafts 29 by the motor 40 to 
suck and chuck the upper substrate lb on the table 9, and 
are then moved upward by the motor 40 to set the upper 
substrate lb in a standby state. 
[0032] 

The XY9 stage Tl returns to the liquid crystal 
dropping portion SI, the jig that has become empty is 
removed and the lower substrate la is mounted on the table 
9 and is securely held in a desired position as shown in 
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Fig. 2. 
[0033] 

There is a dispenser, though not shown in Fig. 1, 
which discharges a sealing material on the frame 3, and as 
the sealing material is discharged while the lower 
substrate la is shifted in the X- and Y-axial directions by 
the motors 5 and 6 of the XY6 stage Tl, the sealing 
material can be drawn in a closed pattern on the lower 
substrate la. Thereafter, a liquid crystal material is 
dropped on the lower substrate la from the dispenser 17. 
In this case, the sealing material serves as a dam so that 
the dropped liquid crystal material does not flow out. 
[0034] 

Next, the XY8 stage Tl is moved to the substrate 
bonding portion S2, the upper chamber 21 is moved down by 
the cylinder 22 and its flange portion 21a is caused to 
abut on the O ring 44 to thereby form the lower chamber 10 
and the vacuum chamber. Then, the vacuum valve 23 is 
opened to depressurize the vacuum chamber. At this time, 
the upper substrate lb is sucked and chucked by the 
electrostatic chuck plate 28, so that as depressurizat ion 
proceeds to vacuum, the suction chucking force which has 
acted on the upper substrate lb disappears, causing the 
upper substrate lb to fall by its dead load. It is 
received by the reception claws 60 as shown in Fig. 2, and 
is held in a position slightly below the electrostatic 
chuck plate 28 as shown in Fig. 3. 
[0035] 

When the vacuum chamber is sufficiently evacuated, a 
voltage is applied to the electrostatic chuck plate 28 to 
allow the upper substrate lb on the reception claws 60 to 
be sucked and held to the electrostatic chuck plate 28 by 
the Column's force. In this case, as vacuum has been 
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achieved, air does not remain between the electrostatic 
chuck plate 28 and the upper substrate lb and the upper 
substrate lb does not slip when the air escapes. It is 
more important that the upper substrate lb be in close 
contact. with the electrostatic chuck plate 28, without the 
intervention of air. Therefore, discharging will not be 
generated by induced charges. 
(0036] 

If discharging occurs with air remaining, the air may 
expand to separate the upper substrate lb from the 
electrostatic chuck plate 28 or damage the upper substrate 
lb of thin glass. According to the present embodiment, 
however, as air does not exist, such an abnormal accident 
will not occur. 
[0037] 

Thereafter, the shafts 59 are moved downward by the 
elevation actuator 62, after which the shafts 59 are 
rotated by the rotational actuator 61 to prevent the 
reception claws 60 from interfering with bonding of the 
upper and bottom substrates, then the 'pressure plate 27 is 
moved downward by the motor 40, and the upper and bottom 
substrates la, lb are bonded together with a predetermined 
gap by controlling the motor 40 while measuring the 
pressure by the load cell 33. 
[0038] 

In this case, because the upper substrate lb is in 
close contact with the electrostatic chuck plate 28 so that 
the center portion is not suspended, the spacers in the 
liquid crystal material are not adversely influenced nor 
does alignment of the substrates with each other become 
impossible. Incidentally, high-precision alignment is 
carried out by reading the alignment marks provided on the 
upper and bottom substrates la, lb by an image 
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identification camera through an inspection hole, not shown, 
provided in the upper chamber 21, measuring the positions 
through image processing and finely moving each of the 
stages 4a to 4c of the XY0 stage Tl . 
(0039] 

When bonding is finished, the vacuum valve 23 is 
closed and the gas purge valve 25 is opened to feed N 2 or 
clean dry air into the vacuum chamber to set it back to the 
atmospheric pressure, then the gas purge valve 25 is closed, 
the upper chamber 21 is moved upward by the cylinder 22 to 
set the XY8 stage Tl back to the liquid crystal dropping 
portion SI, and the cell is removed from the table 9 to be 
ready for the next bonding. Because there may be a case 
where the cell after bonding is charged, it is better to 
remove the cell from the table 9 after performing 
neutralization, such as making the cell contact with a 
grounded neutralization bar or spraying ion air on the cell. 
The sealing material of the cell removed from the table 9 
is cured by a UV ray illuminating unit or a heating unit at 
the downstream. 
[0040] 

In the above embodiment, the liquid crystal is dropped 
after the sealing material is discharged after which 
bonding immediately follows, dust is not likely to stick on 
substrates and the production yield can be improved. 
Further, the XY8 stage Tl can be used in transferring the 
upper substrate lb into the vacuum chamber, contributing to 
making the apparatus compact. 
[0041] 

The present invention is not limited to the above- 
described embodiment, but may be worked out as follows. 
[0042] 
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(1) The supply of the upper substrate lb to the 
electrostatic chuck plate 28 may be carried out by 
providing the XY0 stage Tl with a plurality of reception 
claws (equivalent to the reception claws 60 in Fig. 2) 
which can extend and contract in the up and down direction, 
placing the upper substrate lb on the plurality of 
reception claws when the XYG stage Tl is at the liquid 
crystal dropping portion SI and moving the XY0 stage Tl to 
the substrate bonding portion S2. 

[0043] 

(2) Suction and chucking to the electrostatic chuck 
plate 28 from a robot hand may be performed. 

[0044] 

(3) The upper substrate lb which falls as 
depressurization proceeds may be received by the reception 
claws provided on the XY0 stage Tl that hajve been explained 
in the above { 1 ) . 

[0045] 

(4) Further, with the upper substrate lb pressed 
against the electrostatic chuck plate 28 by the reception 
claws 60 in Fig. 2 or the reception claws provided on the 
XY0 stage Tl that have been explained in the above (1) 
before falling of the upper substrate lb, depressurization 
may be allowed to proceed from the state in which the upper 
substrate lb is sucked and chucked to the electrostatic 
chuck plate 28, then switching to electrostatic chucking 
may be made. In this case, providing that the upper 
substrate lb is not in close contact with the electrostatic 
chuck plate 28 physically, air between the upper substrate 
lb and the electrostatic chuck plate 28 can be evacuated as 
depressurization takes place. 

[0046] 
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(5) Furthermore, with the upper substrate lb held in 
a position slight apart from the electrostatic chuck plate 
28 by the reception claws 60 in Fig. 2 or the reception 
claws provided on the XY8 stage Tl that have been explained 
in the above (1), electrostatic chucking may be executed, 
without performing suction and chucking, while 
depressurizat ion proceeds. . 

[0047] 

(6) Although the two corner portions (two corners 
constituting a diagonal) of the upper substrate lb are held 
by the reception claws 60 in Fig. 2, the four corner 
portions (four corners) of the upper substrate lb may be 
held or the four sides or the two lengthwise sides of the 
upper substrate lb may be held by adequate means. 
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